Herpesvirus genomes are decoded by host RNA polymerase II, generating messenger ribonucleic 33 acids (mRNAs) that are post-transcriptionally modified and exported to the cytoplasm. These 34 viral mRNAs have 5ʹ-m 7 GTP caps and poly(A) tails that should permit assembly of canonical 35 eIF4F cap-binding complexes to initiate protein synthesis. However, we have shown that 36 chemical disruption of eIF4F does not impede KSHV lytic replication, suggesting that alternative 37 translation initiation mechanisms support viral protein synthesis. Here, using polysome profiling 38 analysis, we confirmed that eIF4F disassembly did not affect the efficient translation of viral 39 mRNAs during lytic replication, whereas a large fraction of host mRNAs remained eIF4F-40 dependent. Lytic replication altered multiple host translation initiation factors (TIFs), causing 41 caspase-dependent cleavage of eIF2a and eIF4G1 and decreasing levels of eIF4G2 and eIF4G3. 42
and others have shown that eIF4F assembles and remains sensitive to the mTORC1 active-site 125
inhibitor Torin throughout the KSHV lytic replication cycle (38, 39, 42) . However, mTORC1 126 activity was dispensable for KSHV protein synthesis and genome replication, and only modestly 127 inhibited virion production (38). These findings suggest that translation of KSHV mRNAs has a 128 reduced dependence on eIF4F. 129
To better understand the determinants of KSHV protein synthesis in the context of lytic 130 replication, we used polysome profiling to measure translational efficiency (TE) of viral 131 mRNAs. We observed that viral mRNAs readily persist in polysomes in the absence of eIF4F 132 components eIF4G1 and eIF4G3. This finding is consistent with previous observations of robust 133 translation of human cytomegalovirus (HCMV) mRNAs despite eIF4F disassembly (40) and 134 suggests that non-eIF4F translation initiation mechanisms are likely sufficient to support 135 synthesis of herpesvirus proteins. We found that pro-viral caspase activation during lytic 136 replication (43) causes cleavage of several host TIFs, but this has no effect on rates of global 137 protein synthesis in the low translation environment of lytic replication. We tested the 138 contribution of TIFs that participate in non-eIF4F translation initiation mechanisms and found 139 that NCBP1, eIF4E2, and eIF4G2 were dispensable for virion production. However, METTL3 140 silencing, which would result in defects in m 6 A-dependent translation (18, 19, (44) (45) (46) , caused a 141 ten-fold loss in virion production without affecting viral genome replication. These findings 142
suggest that viral mRNAs are efficiently recruited to ribosomes in the low-translation 143 environment of lytic replication despite significant changes in available translation initiation 144 factors. 145
146

RESULTS 147
Translation of KSHV lytic mRNAs are resistant to mTOR inhibition. Our group and others 148 previously reported that eIF4F assembles during KSHV latency and lytic replication and remains 149 under strict regulation by mTORC1 and 4E-BP1 (38, 39). Here, we used polysome profiling to 150 measure how eIF4F disruption affected translational efficiency (TE) of viral mRNAs. 151
Physiologic mTORC1 activity is regulated by amino acid abundance, but mTORC1 is readily 152 inhibited by several drugs, including the potent active site inhibitor Torin 1 (hereafter known as 153 Torin) (42). We observed that Torin treatment of uninfected iSLK cells for 2 h prior to harvest 154 caused dephosphorylation of ribosomal protein S6 and 4E-BP1 as expected, which was likewise 155 evident in latently KSHV-infected iSLK.219 cells, or cells which had been treated with 156 doxycycline (dox) for 48 h to activate the lytic cycle ( Fig. 1A) . In these experiments, we 157 reactivated iSLK.219 cells with doxycycline only; we omitted the HDAC inhibitor sodium 158 butyrate that is commonly used to promote lytic reactivation in an attempt to limit potentially 159 confounding effects of epigenetic regulation of transcription by histone acetylation. Under these 160 conditions, many of the iSLK.219 cells either fail to reactivate or undergo abortive replication. 161
Nevertheless, it remains clear that mTORC1 regulation of canonical target proteins S6 and 4E-162 BP1 remain largely intact during latent and lytic phases of KSHV replication (Fig. 1A) . 163
We observed that Torin treatment of uninfected iSLK cells shifted mRNAs from 164 efficiently translated heavy polysomes to poorly translated sub-polysomal fractions (Fig. 1B ) 165 consistent with studies of other cell types (25, 40) . Latently infected iSLK.219 cells treated with 166
Torin displayed a similar shift of mRNA into sub-polysomal fractions. After 48 h of dox 167 treatment, the heavy polysomes were depleted, likely due to host shutoff in lytic cells (47) and 168 the depletion of the media over the incubation time in cells in which KSHV failed to reactivate 169 from latency (Fig. 1B) . In this population, Torin treatment further depleted the heavy polysome 170 fractions, although the effects were modest, likely due to the pre-existing low translation 171 environment in these cells. 172
To measure the effects of mTORC1 inhibition on the TE of viral and host mRNAs during 173 the KSHV lytic cycle, we isolated RNA from polysome fractions from Torin-and vehicle-treated 174 48 h post-dox cells (Fig. 1B , bottom panel), and processed it for RNA sequencing. We assessed 175 TE by division of the number of reads isolated from the polysomes compared to the reads found 176 in the total RNA fraction (# of reads polysome / # of reads total). The abundance of KSHV 177 transcripts differed by as much as 100,000-fold with ten-fold more of the non-coding PAN RNA 178 than the next most abundant RNA. The most abundant protein-coding viral mRNAs encode the 179 ORF59 processivity factor, Kaposin (K12), vIL-6 (K2), and the viral dUTPase-like gene ORF11 180 ( Fig. 2A) (3, 48). The TE of viral mRNAs appeared to be generally similar to cellular mRNAs, 181 although assessment of cellular mRNAs is complicated in this system because they are derived 182 from a mixed population of lytically-replicating cells and non-reactivated cells. Consistent with 183 the literature, we observed alterations in TE of cellular mRNAs in the presence of Torin, with 184 populations of mRNAs displaying increased or decreased TE (Fig. 2B ). We scored the difference 185 in translational efficiencies by using a sliding-window to calculate a Z-score of each detected 186 transcript compared to the surrounding 200 transcripts of similar abundance as measured by 187 count per million (CPM) (49, 50). The ΔTE of the majority of viral mRNAs (~90%) was not 188 inhibited or enhanced by a conservative Z-score of 1 ( Fig. 2B , Z-score within 1 SD of the mean 189 in blue, Z-score > 1 SD of the mean in red), suggesting that the TE of viral transcripts is likely 190 not regulated by the mTORC1/4E-BP/eIF4F axis. 191
We analysed transcripts with a greater than 1.5-fold change in TE using the Panther Slim Molecular Function analysis ( Fig. 2C ). Both ribosomal structural proteins and TIF were 193 over-represented in host cell transcripts with reduced TE following Torin treatment, consistent 194 with previous studies (25, 29), which suggests that TOP-containing transcripts are regulated by 195 mTORC1 as expected during KSHV lytic replication. By contrast, host transcripts with increased 196 TE following Torin treatment did not group into any clear molecular function. Because we 197 mapped RNA-seq reads by individual transcripts rather than genes, we could detect a slight yet 198 significant (p<0.0001) enrichment of normally labile pseudogene mRNAs in high TE groups, 199
and their corresponding diminishment in low TE groups (Fig. 2D ). Rather than reflecting 200 changes in TE of pseudogene mRNAs, we suspect this result could be explained by 201 accumulation of ribosomes due to halted elongation while the mRNA is processed by nonsense-202 mediated decay (NMD) and other ribosomal quality control processes (reviewed in (51)). 203 204 eIF4F disassembly does not deplete viral mRNAs from polysomes. We corroborated our 205 findings of eIF4F-independent efficient translation of viral mRNAs in the primary effusion 206 lymphoma (PEL)-derived TREx-BCBL1-RTA cell model; these cells reactivate efficiently in 207 response to dox treatment compared to iSLK.219 cells, which helps reduce confounding effects 208 of failed lytic reactivation. Furthermore, the lytic cycle proceeds more quickly in TREx-BCBL1-209 RTA cells, with robust virion production achieved by 48 hpi (38). TREx-BCBL1-RTA cells 210 were reactivated with dox for 24 h and treated with Torin or vehicle control for the final 2 h or 211 replication before lysis and polysome profiling. We isolated mRNA from sub-polysome, light 212 polysome, and heavy polysome fractions and performed RT-qPCR on select mRNAs to 213 determine their distribution across the polysome profile as an alternative measure of TE (52). 214
Consistent with observations in the iSLK.219 cells ( Fig. 1B) , Torin treatment of lytic TREx-215 BCBL1-RTA cells caused a moderate shift of bulk mRNA from polysomes to sub-polysomal 216 fractions ( Fig. 3A ). We used RT-qPCR to measure the distribution of cellular and viral mRNAs 217 in polysomes or lighter fractions. Torin treatment caused shifted β-actin mRNA from heavy 218 polysomes to monosome and sub-monosome fractions ( Fig. 3B ). However, a significant 219 proportion of translating β-actin mRNA remained in the polysome fractions despite Torin 220 treatment. By contrast, Torin treatment caused the TOP-mRNAs encoding Rps20 and RACK1 to 221 completely shift from polysome fractions to sub-polysome and monosome fractions. This is 222 consistent with the RNA-seq analysis and confirms that TOP mRNAs remain susceptible to 223 eIF4F disassembly during the lytic cycle. 224
Historically, the contribution of monosomes to global protein synthesis has been 225 overlooked, but recent ribosomal foot-printing studies have revealed that monosomes contain 226 translationally active mRNAs, notably including unusual mRNAs with short open reading frames 227 (ORFs), up-stream ORFs (uORFs), or low initiation rates (53). We observed that mRNAs 228 encoding VEGF-A and IL6, two cytokines with significant contributions to KSHV pathogenesis 229 (54-56), were abundant in monosome fractions despite abundant VEGF-A and IL6 in 230 supernatants from lytic TREx-BCBL1-RTA cells (38); this suggests that monosomes may make 231 significant contributions to translation of these cytokines during lytic replication. We also 232 proteins vFLIP, vBcl2, and K7 (57-59). In uninfected cells, caspases also cleave the translation 245 initiation factors (TIF) eIF2α and eIF4G1, which may limit protein synthesis during apoptosis 246 (60, 61). We hypothesized that caspase-dependent cleavage of TIFs might contribute to host 247 shutoff and eIF4F-independent translation of KSHV mRNAs during the lytic cycle. Indeed, 248
TREx-BCBL1-RTA cells reactivated with dox displayed a decrease in total eIF4G1 abundance 249 consistent with caspase-3 activation and eIF4G1 cleavage during lytic replication ( Fig. 4A ; (62)). 250
We also observed faster-migrating protein species that reacted with anti-eIF2α, -eIF4G2, and -251 ORF57 antibodies, all of which were previously described caspase substrates (60, 63, 64). To 252 confirm caspase activation during KSHV lytic replication, we reactivated TREx-BCBL1-RTA 253 cells with dox in the presence of a pan-caspase inhibitor IDN-6556 or vehicle control; we 254 observed the accumulation of cleaved caspase-3 over a 48 h time course, which was sensitive to 255 IDN-6556 ( Fig. 4B ). Caspase inhibition also prevented the degradation of eIF4G1 and cleavage 256 of eIF2α and ORF57. Loss of ORF57 cleavage with IDN-6556 also supports the notion that 257 caspases are active in lytic cells and not only in those latently infected or undergoing abortive 258 infection. We measured global protein synthesis using a ribopuromycinylation assay whereby 259 puromycin is incorporated into elongating polypeptides where it can be subsequently detected 260
using an anti-puromycin antibody (65). Similar to previous reports, we observed a clear decrease 261 in global protein synthesis during KSHV lytic replication (38, 66, 67) which was unaffected by 262 caspase inhibition (Figs. 4B, 4C). We conclude that TIF degradation by caspases does not 263 contribute to host shutoff. 264 265 eIF4F disassembly selectively displaces host translation initiation factors from polysomes 266 during KSHV latency and lytic replication. Considering the evidence for eIF4F-independent 267 translation of KSHV mRNAs and caspase-mediated TIF remodeling, we reasoned that 268 alternative TIFs could play an important role in supporting efficient synthesis of lytic proteins. 269
As a first step in this investigation, we profiled TIF recruitment to polysomes during lytic 270 replication and whether these components could be displaced by mTORC1 inhibition. TREx-271 BCBL1-RTA cells were once again reactivated with dox for 22 h and treated with Torin for 2 h 272 prior to lysis and polysome profiling. Consistent with our previous findings, mTORC1 inhibition 273 caused dephosphorylation of canonical substrates S6 and 4E-BP1, both during latency and lytic 274 replication ( Fig. 5A ). Once again, lytic replication in TREx-BCBL1-RTA cells caused a bulk 275 shift of mRNAs from polysomes to sub-polysomal fractions, with the residual translation 276 remaining sensitive to mTORC1 inhibition and eIF4F disassembly ( Fig. 5B ). We assessed the 277 proteins associated with polysomes by immunoblotting proteins harvested from gradient 278 fractions using a low-salt lysis buffer to aid retention of eIF4F components and other RBPs, 279 consistent with previous ribosome isolation protocols (68, 69) . Fractions were isolated from the 280 40S, 60S, and 80S sub-polysomal peaks, as well as light and heavy polysomes; RNA and 281 associated proteins were precipitated using ethanol and a glycogen co-precipitant. 282 Additional m 7 GTP cap-binding proteins beyond the canonical eIF4E1 protein include 283 nuclear cap-binding protein subunit 1 (NCBP1), which promotes pioneer translation on newly 284 transcribed mRNA (34), and eIF4E2, which contributes to global protein synthesis at physiologic 285 oxygen tension and is strictly required for hypoxic translation (33). We observed that eIF4E1, 286 eIF4E2 and NCBP1 associated with polysomes in all conditions tested, as expected ( Fig. 5C ). 287
Torin treatment caused a progressive loss of eIF4F components eIF4G1 and eIF4G3 from 288 polysome fractions ( Fig. 5C ), consistent with displacement of eIF4G from the eIF4F complex by 289 hypophosphorylated 4E-BP1 ( Fig. 5A ). However, eIF4G2, which was found primarily in the 80S 290 monosome peak and sub-monosomal fractions, was unaffected by mTORC1 inhibition. eIF4G2 291 may function as an eIF4G1-like factor for cap-dependent translation of mRNA that directly bind 292 to eIF3 protein eIF3d (70). We noted a striking accumulation of a faster migrating species of 293 eIF4G1 in lytic cells that matches a previously reported 120 kDa caspase-3 cleavage fragment 294 (62), consistent with our observation of eIF4G1 cleavage by caspases in these cells ( Fig. 4B) . 295
Interestingly, this 120 kDa eIF4G1 fragment remained associated with polysomes in Torin-296 treated cells, whereas full-length eIF4G1 is lost ( Fig. 5C ). Hyper-phosphorylated 4E-BP1 was 297 associated with polysomes in vehicle-treated samples, consistent with previous reports of 4E-298 binding proteins co-sedimenting with polysome fractions (71). Hypophosphorylated 4E-BP1 was 299 found in sub-polysomal fractions of Torin-treated cells in both the latent and lytic cell 300 populations. This data is consistent with destabilization of eIF4G-eIF4E complexes upon cap 301 binding and dynamic disassembly of eIF4F after initiation, as hypothesized by Merrick (2015) 302 (27). Finally, consistent with previous reports (7), the lytic KSHV mRNA binding protein 303 ORF57 was associated with mRNAs in polysomes, and remained associated following mTORC1 304 inhibition ( Fig. 5C ). Taken together, these findings indicate that even though mTORC1 is active 305 and eIF4F is assembled during lytic replication, viral mRNAs can be efficiently translated 306 despite eIF4F depletion. Moreover, these experiments provide evidence for remodeling of 307 polysome-and monosome-associated mRNP complexes during lytic replication. 308
We next used RNA silencing to test the potential contributions of eIF4E2, eIF4G2, and 309 NCBP1 on virus replication, all of which could potentially support translation of viral mRNA 310 either constitutively or when eIF4F is limited. However, knockdown of these factors had no 311 effect on virus replication in the presence of absence of mTORC1 inhibition (Fig 6) , consistent 312 with our previous observations that KSHV virion production has a limited requirement for 313 mTORC1 activity once early gene expression is established (38). We further tested the 314 requirement of eIF4E2 on KSHV replication during hypoxia. During hypoxia, regulated in 315 development and DNA damage response 1 (REDD1) normally promotes the inhibitory activity 316 the tuberous sclerosis complex (TSC) on mTORC1 (72), an action which could potentially be 317
antagonized by viral mTORC1-activating proteins. However, we observed that KSHV replicated 318 equally well in TREx-BCBL1-RTA cells in hypoxic conditions as it did in normoxia, and 319 eIF4E2 was dispensable, even when eIF4F was depleted ( Fig. 6 , top panels). This suggests that 320 KSHV is competent to complete its replication cycle during hypoxia and able to utilize an 321 eIF4E2-or an eIF4FH-independent mechanism to support viral protein synthesis. 322 323 METTL3 is required for virion synthesis but not genome replication. N 6 -methyladenosine 324 modification (m 6 A) of RNA can stimulate mRNA translation by either recruiting eIF3 and the 325 small ribosomal subunit directly, or by the actions of m 6 A reader proteins (18, 19, 44). Many 326 KSHV mRNAs are modified with m 6 A and these modifications likely affect the fate of transcript 327 (11-14). The m 6 A methyltransferase METTL3 and the m 6 A reader YTHDC2 have been shown 328 to affect KSHV virion production, but with conflicting results in different systems (11, 13). We 329 found that METTL3 protein levels were reduced by 24 hpi in TREx-BCBL1-RTA cells ( Fig.  330 7A). However, despite being reduced at the protein level during lytic replication, RNA silencing 331 of METTL3 diminished virion output by 10-fold ( Fig. 7B ). Viral genome replication was 332 unperturbed by METTL3 silencing (Fig. 7C ), but accumulation of early proteins ORF45 and 333 ORF17 and the late protein ORF65 were disrupted. ORF57 accumulates normally when 334 METTL3 is absent, suggesting that m 6 A is not required for translation of ORF57. Similarly, 335 ORF59, which requires ORF57 binding for mRNA export (73, 74), accumulates normally in 336 METTL3 knockdown, suggesting that m 6 A is not required for ORF57 association with mRNA 337 ( Fig. 7A ). Thus, in our hands, METTL3 is required for efficient synthesis of certain KSHV 338 proteins and virion production in the TREx-BCBL1-RTA cell system. 339
In the course of studying the effects of m 6 A RNA modifications during KSHV infection, (2018) (13) also used the phorbol ester TPA in m 6 A studies using TREx-BCBL1-RTA cells for 343 similar reasons. In our experiments, we exclusively used doxycycline to reactivate the TREx-344 BCBL1-RTA cells in an attempt to eliminate broad confounding effects of HDAC inhibitors and 345 phorbol esters. We reactivated TREx-BCBL1-RTA cells and iSLK.219 cells with dox in similar 346 conditions and confirmed a decrease in METTL3 abundance (Fig. 8A, 8B ). Because the 347 immediate early KSHV lytic switch protein RTA is a SUMO-dependent E3 ubiquitin ligase 348 (STUbL), and METTL3 has been reported to be sumoylated (75, 76), we hypothesized that RTA 349 may promote proteasome-dependent degradation of METTL3. We tested this hypothesis using 350 parental iSLK cells that express RTA from a dox-inducible promoter but lack KSHV episomes. 351
Treatment of iSLK cells with dox caused RTA accumulation but had no effect on METTL3 352 protein levels (Fig. 8C ). Furthermore, inhibiting proteasome function with MG132 increased 353 levels of RTA (indicating that the proteasome controls RTA protein turnover), but had no effect 354 on METTL3 protein levels in the presence or absence of RTA, demonstrating that METTL3 is protein synthesis and that Torin had little effect on TE of viral mRNAs. They also support our 370 previous findings that eIF4F disassembly does not impede KSHV replication and virion 371 production (38). Together, these observations suggest that resistance to eIF4F loss might be a general feature of herpesvirus translation, even for viruses like HCMV that do not shut off host 373 gene expression. Moreover, our study indicates that mTORC1 and eIF4F maintain broad roles in 374 global translation regulation during KSHV lytic replication. Torin treatment depletes heavy 375 polysomes during lytic replication and shifts TOP-containing mRNAs encoding ribosomal 376 proteins and TIFs into sub-polysomal fractions. The most recent and thorough efforts to map 377 KSHV mRNA 5'-ends have not identified any TOP sequences (3, 5), which is consistent with 378 the idea that they could be efficiently translated despite mTORC1 inhibition. 379
Our polysome RNA-Seq analysis was restricted to heavy translating polysomes, but there 380 is emerging evidence that light polysomes and monosomes also make important contributions to 381 bulk protein synthesis (53, 77). While we could detect almost the entire viral transcriptome in 382 heavy polysome fractions, subsequent RT-qPCR measurements of select viral transcripts 383 revealed broad distribution across gradient fractions. Two notable exceptions were the 384 K12/Kaposin and LANA mRNAs, which were largely restricted to sub-polysomal fractions. 385
Both of these transcripts are spliced and encode multiple proteins via complex translational 386 programs that include leaky ribosomal scanning mechanisms of initiation (78, 79). They also 387 have long stretches of repeats that may impede efficient translation. For example, polyproline 388 motifs are slowly decoded by elongating ribosomes (80), and protein products of Kaposin 389 mRNAs feature numerous polyproline motifs (78). We speculate that preponderance of Kaposin 390 mRNAs in sub-polysome fractions could result from close proximity of polyproline-encoding 391 sequences to the several start codons on this mRNA, which could slow elongating ribosomes and 392 prevent or slow assembly of subsequent 80S complexes. The emerging role of monosome 393 translation in controlling the synthesis of highly regulated proteins should be considered in future 394
investigations of KSHV lytic gene expression. 395
Several studies have reported m 6 A modification of KSHV mRNA, and m 6 A modification 396 of RTA is required for proper splicing and stability (11-14). However, the precise roles for m 6 A 397 modifications and m 6 A reader proteins in the biogenesis and fate of KSHV mRNA other then 398 RTA remain to be discovered and may be dependent on cell type and different chemical stimuli 399 of lytic reactivation (13). N 6 -methyladenosine (m 6 A) dependent translation initiation has been 400 shown to contribute to residual translation following eIF4F disassembly in normoxia (19) . 401
Unlike HCMV, we found that METTL3 is degraded by caspases during KSHV lytic replication 402 (81, 82). While this may preclude a significant role for m 6 A modification as a global mechanism 403 of translation of viral mRNA, this modification has nevertheless been found to be widely 404 distributed across the genome (14). The effects of m 6 A on virus titer might largely be explained 405 by a Type-I IFN response. Loss of m 6 A marks on IFN-β mRNA promotes stabilization of the 406 transcript and leads to the accumulation of ISGs (81, 82). Additionally, we expect the wide 407 effects of METTL3 depletion on global transcription (83) likely have pleiotropic effects on 408 normal viral replication. 409
During Torin treatment, both the TOP-containing transcript Rps20 and the non-TOP -β-410 actin transcript were depleted from polysome fractions that retained viral mRNA. In these same 411 fractions eIF4G1 and eIFG3 are also lost, but ORF57 is retained. ORF57 and related herpesvirus 412 homologues (EBV EB2 and HSV1/2 ICP27) have previously been shown to interact with 413 initiation factors, and can be found in polysomes (84, 85). In our experiments, loss of eIF4G 414 from polysomes with Torin treatment suggested that ORF57-dependent recruitment of eIF4G to 415 viral mRNA was not required for their translation, yet ORF57 is clearly present in the same 416 fractions as viral mRNA and is not displaced with eIF4F loss. This data suggests that while 417 mTORC1 is active during KSHV lytic, it is not required for the translation of viral mRNA. 418
While eIF4F is assembled during lytic replication, it is not required for the association of viral 419 mRNA with the polysomes. Alternative translation initiation factors, including eIF4E2, eIF4G2, 420 NCBP1, and eIF3d are also not required for virion production. Similarly, m 6 A is not required for 421 the translation of ORF57 mRNA. However, ORF57 remains associated with the polysomes in 422 the absence of eIF4F. It is possible that ORF57, or other viral factors are required for KSHV 423 translation initiation, but the complement of host and viral proteins associating with translating 424 mRNA during lytic replication is unknown. All blots were imaged on a Bio-Rad ChemiDoc-Touch system. Molecular weights were 464 determined using protein standards (New England Biolabs P7712, or P7719). Puromycin 465 incorporation assays were performed essentially as described in (38). Briefly, TREx-BCBL1-466 RTA cells were treated with 10 µg/mL puromycin 10 min prior to harvest as described above. protease and phosphatase inhibitors) for 10 min on ice. Lysate was centrifuged for 10 min at 485 2,300 x g the supernatant was transferred to a new tube and centrifuged for 10 min at 15,000 x g. 486
The supernatant was overlaid on sucrose gradients. Gradients were centrifuged at 39,000 rpm for 487 90 min on a SW-41 rotor. The bottom of the centrifuge tube was punctured, and 60% wt/vol 488 sucrose was underlain by syringe pump in order to collect 500 µL or 1 mL fractions from the top 489 of the gradient with simultaneous A260 measurement using a UA-6 detector (Brandel, MD). 490
Polysome sedimentation graphs were generated with Prism8 (GraphPad). Torin or DMSO was added two hours prior to harvest in high salt lysis buffer as described above. 514
Fractions were mixed 1:1 with Trizol and isolated as per manufacturer's directions except that 515 30-60 µg of GlycoBlue Co-Precipitant (Ambion) and 100 ng of in vitro transcribed luciferase 516 DNA (NEB T7 HiScribe) was added to the aqueous fractions during isopropanol precipitation 517 (52). The resulting pellet was resuspended in water and reverse transcribed with random primers 518 (Maxima H, ThermoFisher). mRNA was normalized to luciferase spike to control for recovery. 519
The quantity of mRNA detected in a given fraction was then calculated as a percentage of the 520 total detected in all fractions. The RNA recovery was controlled by subtracting the CT of the 521 luciferase spike, which was assumed to be constant, from the target CT. This ΔCT value for each 522 fraction was then subtracted from the ΔCT of the top fraction of the gradient to determine the 523 ΔΔCT. And transcript abundance (Q) was then calculated (Q=2 ΔΔCT ) for each fraction and all 524 fractions were summed. The total quantity of a transcript is represented as a proportion of the 525 total amount of detected transcript as per (52). Transcript quantities from the light, heavy, and 526 sub-polysomal fractions were grouped and summed for statistical analysis. Primer sequences are 527 listed in Table 1 . Due to common usage of polyA signals and nesting of the viral genome, qRT-528 PCR primers could amplify mRNA originating from more than one viral promoter (3). For 529 simplicity, PCR products are referred to by the mRNA coding region targeted by the primers. Lists were compared against the complete database using a Fisher's exact test, with a 1% FDR. 541
To determine enrichment of non-coding transcripts in the polysomes, transcripts were manually 542 sorted into coding and non-coding (NMD, lincRNA, retained-intron, processed pseudogenes, or 543 antisense transcripts) groups and compared using a Fisher's exact test, compared to all quantified 544 transcripts with a 1% FDR. 
